In a lifespan trans generation study under standard laboratory conditions using a total of 4682 CBA/J mice, unusual intramuscular inclusions were found in the diaphragm, heart and skeletal muscle of one mouse using light microscopy. Located within the myocytes, they caused no visible tissue reaction. Cross-sections of these spherical and cystic lesions showed numerous banana-shaped structures, identified as permanent parasitic bradyzoites, which permitted these infections to be diagnosed microscopically as sarcocystosis.
Cystic intramuscular inclusions were first reported by Miescher (1843) , who found what later became known as 'Miescher's tubes' in the skeletal muscles of a deer mouse caught in his home.
Sarcocysts were found in 4% of the wild mice in a laboratory area (Smith & Frenkel 1978) , while Tiemann (1981) recorded a prevalence of up to 27% in deer mice.
In former times, sarcocystosis was also commonly observed in laboratory mice, where up to 60% were infected (Smith 1901; Powell & McCarley 1975j Ruiz & Frenkel 1976 . These infections were probably due to the practice of permitting cats to roam in the animal quarters, and food and bedding stores, to catch wild mice and escapees. Smith and Frenkel (1978) noted sarcocysts in 4/15 (27%) laboratory mice, housed separately in the same room as cats, that were known to have shed sporocysts of Sarcocystis muris. The ability of coprophagous insects (cockroaches) to serve as transport hosts for coccidian sporocysts and thus to bridge considerable distances (physical separation I was demonstrated by their investigations.
However, since the cyclic transmission of Sarcocystis muris by cats was recognized by 
Materials and methods
Four thousand, six hundred and eighty-two CBA/JNCrj mice were kept under standard laboratory conditions (room temperature 21 ±2°Cj relative humidity 60± 15%; air exchange rate 15 times/hj 12 h:12 h lightdark cycle) in the animal house on the third floor of the Hannover Medical School, Germany. A maximum of three animals of the same sex were housed per cage (Macrolon Type II, 350 cm 2 ) on absorbent softwood (H 3/4, Hahn & Co., Kronsberg, Germany). The cages were changed every week or more often, if necessary. The animals received a pelleted standard diet 1324 (Altromin GmbH & Co. KG, Lage, Germany) and tap water ad libitum.
Every 3 months, the mice were routinely checked serologically for antibodies against mouse hepatitis virus (MHV), Reovirus type 3, pneumonia virus of mice (PVM), Sendai virus, Theiler's murine encephalomyelitis Accepted 21 May 1999 © Laboratory Animals Ltd. Laboratory Animals (1999) 33, 390-392 virus (TMEV)and Mycoplasma pulmonis, while parasitological and bacteriological examinations were performed every 6 months.
Measures to prevent the contamination of the animals were taken using a barrier system. The animal maintenance area was accessible only by an autoclave or a sluice gate. On entering the animal rooms, laboratory staff changed their clothes and shoes; and sterile gloves, surgical caps and mouth protectors were mandatory. Admission to the intrinsic animal rooms was also strictly limited. The mice were observed once daily for moribundity and mortality. Moribund animals were sacrificed by CO2 and autopsied completely.
Tissues were fixed in 4% buffered formaldehyde solution or frozen in liquid nitrogen before sections were embedded in Paraplast and routinely stained with haematoxylin and eosin (H&E).
Results
Intramuscular inclusions ( Fig I) were found using light microscopy in one out of 4682 CBA/T mice. The affected untreated female mouse of the Fl generation (bred by our institute) aged 103 weeks was sacrificed by CO2 in a moribund condition. During autopsy, macroscopically visible findings were not reported. At low magnification, microscopical examination showed large multiple inclusions in the diaphragm and skeletal muscles (femur and tongue), while the myocardium of the animal was sparsely infected. These spherical and cylindrical inclusions were several millimetres long and located within the myocytes. They were partly lying lengthwise in the muscles, and cross-sections showed numerous bananashaped structures which caused no visible tissue reaction. Their morphology and size permitted us to diagnose them as Sarcocystis muris.
In addition to the routine H&E-stained tissue, periodic acid Schiff (PAS)stainings (Fig 2) were carried out which easily identified the parasites.
Discussion
Unintentional infections of laboratory animals seldom occur today because of the controlled hygiene and standardized environmental conditions of modem animal houses. The various types of laboratory animal husbandry have different systems (barriers) for avoiding new infections, but several means of contamination (breeder, laboratory staff, environment, etc.) are conceivable. In the worst case, an infectious pathogen with a high (horizontal) generalization rate transmitted in a laboratory with several animals of the same species would induce tremendous economic damage. Thus, in laboratory animal houses, the constant prevention of contagious transmission and adequate hygiene among the laboratory staff are essential.
In the mouse, sarcocysts have been found in the skeletal muscle and less commonly, in the cardiac, oesophageal, and diaphragmatic muscle (Dubey 1991) . Serious infections (experimental), probably visible to the naked eye, would outline major muscle groups and eventually lead to locomotion difficulties. The cysts may destroy some portion of the muscle fibre and lead to myositis and necrosis or sometimes cause pressure atrophy of the adjacent cells. Usually, sarcocystosis causes only a mild cellular reaction and no clinical diseases in mice, while severe haemorrhages and abortion are seldom induced.
All sarcocysts have an obligatory preypredator two-host life cycle. Differentiation between the species is made according to the size and structure of the cyst or cyst wall and depends on different intermediate hosts and multiple definitive hosts (for a taxonomic review see Levine 1986 ). These enclosures in the laboratory mouse can be classified clearly as Sarcocystis muris. The asexual stages of sarcocystosis occur only in the intermediate host, which by nature is often a prey animal, while sexual stages are found only in the carnivorous definitive host. The cat or ferret (Rommel 1979) becomes infected with Sarcocystis muris by eating mice containing mature sarcocysts in the muscle tissue. Sporulated oocysts are excreted 8 days later. Artificially infected cats have been known to shed sporocytes in their faeces for more than 81 days (Ruiz & Frenkel 1976) . The mice become infected by absorbing food contaminated with sporocysts, while muscle cysts in mice are first seen 4 weeks after infection.
According to the extensive investigations of Ruiz and Frenkel (1976) , other laboratory animals (i.e. hamsters, guineapigs and rats) are resistant to infection by Sarcocystis muris. Artificial infections by feeding mouse muscle tissue to mice (cannibalism) or sporocysts (infectious to mice) to kittens showed no consequences, so the two hosts are obligate for the complete life cycle. Re-infections of mice and cats have occurred, indicating no stable, refractory immunity.
For differential diagnosis, using light microscopy, other intramuscular parasites can be easily distinguished by size-cysts of the coccidia Toxoplasma, Isospora or Hammondia are always microscopical Laboratory Animals (1999) Tillmann, Kamino & Mohr ( < 1 mm)-Dr by their different structures (Trichinella spiralisl, while cysticercus species induce heavy inflammatory response and granuloma formation.
Nowadays, several immunological tests to facilitate the diagnosis of sarcocystosis are available, while cross-reactivity can sometimes prevent species-specific identification (Tenter 1995) .
The multiple presence of sarcocysts in many laboratory mice would indicate the contamination of bedding or food by feline faeces; but this individual case possibly demonstrates the poor (inadequate) hygiene of the (cat-owning) laboratory staff.
